Four field experiments were carried out from 2012 to 2013 to assess the influence of different seasons and row arrangements on growth, yield of maize and kenaf and mechanical properties of kenaf fibre in maize/kenaf intercrop at Ile-Ife, Nigeria. Four maize/kenaf component ratios of 1 row of maize alternated with 1 row of kenaf (1:1), 1 row of maize alternated with 2 rows of kenaf (1:2), 2 rows of maize alternated with 1 row of kenaf (2:1) and 2 rows of maize alternated with 2 rows of kenaf (2:2) and two control treatments namely; sole maize and sole kenaf were laid in a randomized complete block design in three replications. Growth parameters such as plant height, stem diameter, leaf area and plant biomass were measured on the component crops from four weeks after planting and subsequently at two weeks interval until physiological maturity of maize. Yield parameters such as ear length, ear diameter, kernel per ear, shelling percentage and grain yield/ha were measured on maize while retted fibre yield/ha was measured on kenaf at flowering. The mechanical properties of the kenaf fibre were determined on the retted kenaf. Data were subjected to analysis of variance and the significant mean values were separated using Duncan's Multiple Range Test at p ≤ 0.05. Results indicated that season and row arrangement significantly (p ≤ 0.05) affected growth and grain yield of maize and fibre yield of kenaf. The 1:2 and 2:2 row arrangements compared favourably with sole cropping on the mechanical properties of kenaf fibre. Row arrangement of 1:2 and 2:2 and sole cropping significantly (p ≤ 0.05) affected tensile strength of kenaf fibre relative to 2:1 and 1:1 row arrangement. Thus, lower maize/kenaf ratio would promote optimum yield and good fibre quality of kenaf fibre.
INTRODUCTION
Intercropping is a form of mixed cropping in which two or more crops are cultivated on the same land area and in time, in order to increase the productivity of land per unit area and as a natural model for designing sustainable agriculture and land conservation for fertility restoration (Andrew and Kassam, 1976) . It is a strategy used by farmers especially in the developing countries to increase crop yields, crop diversity and stability of crop production and financial returns (Kuchinda and Ogunwole, 2000) . Row intercropping is a form of intercropping which involves at least one of the component crops arranged in rows in either replacement or additive methods with the intension of planting many crops in order to reduce competition for growth resources in intercropping and thereby, improving intercropping practices as a means of yield increase in crop production (Natarajan and Willey, 1985) . A variation of row cropping in the developed countries includes strip row arrangement, where multiple crops are grown together in strips wide enough to permit separate crop production using machines but close enough for the crops to interact.
Maize (Zea mays L.), of the Poaceae family which has been recognized as a common component of notable cropping systems in effect of which the crop has assumed the status of a 'local cash crop' with about 75% of the cultivated land area grown to it in association with other crops (Ayeni, 1987) . The increasing importance of maize has been attributed to its growing utilization in food industries, livestock feed and human consumption. The yield of maize however, varies from variety to variety and from location to location and depends on cultural practices adopted. Kenaf (Hibiscus cannabinus L.) is one of the most versatile annual fibre crops grown throughout the world. It belongs to the Malvaceae family and indigenous to Africa. It was the first to be identified as a close substitute to jute in the manufacturing of rope, twine and sack. Its core is used in a wide range of paper production, carpet backing and burlap manufacturing (Wilson et al., 1965) . Kenaf is also used as components of several building materials, car bumpers, medicine, food additives, animal beddings and ethanol production Kenaf plant consists of an inner thick core of short woody fibres (0.5 to l mm thick) and an external bark with fibres of 3 to 4 mm thick. The bast fibres have been reported to be of better quality than the core fibres. However, both can be utilized in various blends for the production of pulp (Petrini et al., 1994) . Agricultural researchers have in the past promoted monoculture but this has been met with very little success among small holder farmers whose preference and problems have underscored the importance of intercropping in their traditional cropping systems (Kuchinda and Ogunwole, 2000) . In recent times, the issue of risk minimization and efficient use of resources through intercropping is receiving increasing attention in cropping systems research. Francis and Adipala (1994) and Tsubo et al. (2003) attributed these to the consideration that achieving sustainable production may not only involve mechanized rotational monoculture cropping systems used in developed countries but also the poly-culture cropping systems used in developing countries.
Intercropping maize and kenaf has enormous potential in terms of improving yields and income (Saka et al., 2007) . According to Raji (2008) , intercropping of kenaf with sorghum gave results that indicated yield advantages. Studies by Asante (1993) showed that maize and kenaf intercrop produced high kenaf yield. However, most of these studies did not clearly indicate the type of row arrangement that best suits the component crops performance in combination. Also little documentation is available on the fibre quality of kenaf due to intercropping or other cultural practices carried out in the process of production. The objective of this work therefore was to evaluate the influence of different seasons and row arrangements on growth and yield of maize and kenaf and mechanical properties of kenaf fibre in maize/kenaf intercrop.
MATERIALS AND METHODS
The studies were conducted during the early and late seasons (April to July and August to November respectively) of 2012 and 2013 at the Teaching and Research Farms of the Obafemi Awolowo University (OAU) Ile-Ife, Nigeria. Geographically, OAU is situated within the rain forest zone, on latitude 7 0 28'N and longitude 4 0 33'E at an elevation of about 200 m above sea level. It experiences approximately eight months (March to October) of bimodal rainfall. It has about four months (November to February) of dry season each year with slight irregularity in the rainfall distribution pattern. The mean yearly rainfall for 2012 and 2013 were 1436.9 mm and 1548.7 mm respectively. The experimental plots were previously cropped to cassava and allowed to fallow for one cropping season before the experiments. The soils of the experimental sites belong to Iwo series derived from coarse-grained granite gneiss parent rock and classified as Ultisol (low base status forest soils). It is well drained, grayish brown to brownish red with predominantly high acidity clay -kaolinite (Harpstead, 1973) . They were generally loamy with pH of 5.63 to 5.71. Exchangeable K was 0.37 cmol kg -1 , total N was 0.14% and available P was 2.65 ppm (Kang and Balasubramanian, 1990) Maize var. QPM (Quality Protein Maize) and kenaf var. IFEKEN 400 were used for the experiment. Four maize: kenaf component ratios of 1 row of maize alternated with 1 row of kenaf (1:1), 1 row of maize alternated with 2 rows of kenaf (1:2), 2 rows of maize alternated with 1 row of kenaf (2:1) and 2 rows of maize alternated with 2 rows of kenaf (2:2) and two control treatments namely; sole maize and sole kenaf were arranged in a Randomized Complete Block Design (RCBD) in three replications. Urea was applied to maize at 150 kg N/ha in two equal split-applications at three weeks after planting and at tasseling. Single superphosphate and Muriate of potash were broadcasted at 26 kg P/ha and 26 kg K/ha before harrowing. The maize and kenaf seeds were treated with 200g metalaxyl-M + 20g difenoconazole + 200g thiamethoxam/kg shortly before planting to control soil borne pests and pathogens. The component crops were planted on ridges using replacement series (Osiru and Willey, 1972) . Each plot measured 8 x 5 m, to contain eight ridges at 1 meter apart; crops were planted at two stands per hole with maize and kenaf interspaced at 0.3 and 0.2 m respectively. Net plot made up of rows 3 to 6 were used for yield data while rows 2 and 7 were used for destructive sampling to determine growth parameters. Chemical weed control was carried out using a formulated mixture of 270 g Altrazine + 150 g metolachlor and 276g of paraquat which was applied two weeks after plants emergence at the rate of 2 litres per hectare. Supplementary weed control was carried out as and when necessary during the experimentation period. Plant height, stem diameter and plant biomass were measured on five randomly tagged plants in the four middle rows (Whingham, 1975 ) at 3, 6, 8 and 10 weeks after planting (WAP). Dry matter was taken on three randomly selected plants obtained from rows 2 and 7. The above ground parts were separated into leaves, stems and cob or head (depending on the stage) and oven-dried to a constant weight at 75 0 C. Yield parameters namely; number of ears per plot, number of grains per ear, ear length, dry kernel weight, hundredkernel weight and shelling percentage (S%) were collected on maize at harvest. Grain yield was converted to tonnes per hectare according to Shanmugasundaram (1979) .
Harvested kenaf were retted in cold water for two weeks to expose the fibre content of the plant. After water retting procedure, the fibres were then clean with water and sun-dried to obtain dry fibre in tonnes per hectare.
The retted fibres were subjected to mechanical stress by analyzing the tensile stress and strain using universal testing machine INSTRON machine (model 5566) according to ASTM D5083 (1996) . Data were subjected to analysis of variance (ANOVA) to determine the effects of the treatments on the parameters. Duncan's Multiple Range Test (DMRT) was used to separate means where F values were significant at p ≤ 0.05. (Steele and Torrie, 1980; Gomez and Gomez, 1984) . All analyses were done with the Statistical Analysis System (SAS) software version 8.1.
RESULTS
Effects of season and row arrangement on height (cm) of maize and kenaf in maize/kenaf intercrop is shown in Table 1 . Plant height were significantly (p ≤ 0.05) influen- ced by season. Both maize and kenaf were observed to be taller in early season across the sampling period. Row arrangements were found to significantly (p ≤ 0.05) affect the height of kenaf at 6 and 10 weeks after planting but had no effect on maize height. Kenaf were observed to be significantly (p ≤ 0.05) taller at 1:2 and 2:2 combination of maize and kenaf compared to other combination. Effects of season and row arrangement on stem girth (mm) of maize and kenaf in maize/kenaf intercrop in Table 2 indicated that early season significantly (p ≤ 0.05) increased the girth of maize at weeks 4 and 6, but increased that of kenaf at weeks 8 and 10. However, seasons and row arrangement were observed to significantly (p ≤ 0.05) affect the dry matter of the two crops (Table 3 ). Higher dry matter was observed during the early season compared to the late season as the growing period of the crops increased. While 1:2 maize:kenaf combination resulted in higher dry matter of maize, the result was not significantly (p ≤ 0.05) different from the dry matters obtained from 1:1 and 2:2 combinations especially at 10 WAP. However for kenaf, 2:2 and 1:2 combination of maize:kenaf resulted in highest dry matter while the least value was obtained from 2:1 combination.
Effect of row arrangement on yield and yield components of maize and kenaf in maize/kenaf intercrop is shown in Table 4 . Grain yield of maize and fibre yield of kenaf were significantly (p ≤ 0.05) influenced by row arrangement. Although, crops planted sole had the highest yield in both crops, this was significantly (p ≤ 0.05) followed by 2:1 row arrangement for maize yield and 1:2 for fibre yield for kenaf. The least grain yield was observed at 1:2 maize:kenaf row arrangement and also the least fibre yield at 2:1 maize:kenaf row arrangement.
The effect of row arrangement on the mechanical properties (tensile strength) of kenaf fibre in maize/kenaf intercrop is generated in Figure 1 . The row arrangement significantly (p ≤ 0.05) affected the mechanical properties as the effect of 2:2, 1:2 were not significantly (p ≤ 0.05) different from the impact of sole planting on kenaf fibre.
DISCUSSION
Early season planting of maize and kenaf which resulted in significantly (P≤ 0.05) higher growth and yield performance compared to late season cropping may be due to favourable weather conditions during the early seasons. Christou et al. (2000) , Saka et al. (2007) and Maryam et al., (2011) reported that influence of weather variation associated with different agronomic practices have modifying effect on the growth and development of crop plants. To date, the challenges of maize growers in Nigeria is finding the narrow window of appropriate rows arrangement coupled with crop combination that will Figure 1 . Effect of row arrangement on stress and strain of kenaf fiber. Bars with similar alphabets are not significantly different using Duncan's Multiple Range Test at 5%probability level. Ns, not significant at 5% probability level.
enable them to optimize available land for crop production.
The effect of row arrangements on growth and yield of the component crops were significant (P≤ 0.05) as 2:1 and 2:2 row arrangements produced higher growth and grain yield while 1:2 favoured fibre yield of kenaf. This could be attributed to population density which will either increase or decrease inter-competition among the combining crops. For grain yield, maize/kenaf component ratios of 2 rows of maize alternated with 1 row of kenaf (2:1) and 2 rows of maize alternated with 2 rows of kenaf (2:2) increased the population of maize while 1 row of maize alternated with 2 rows of kenaf (1:2) favoured kenaf population which also reduced inter-species competition between maize and kenaf consequently resulted to higher grain or fibre yield depending on the crop of emphasis. The work of Kuchinda and Ogunwole, (2000) had shown that kenaf responded slowly to soil nutrient utilization than maize. Nitrogen, phosphorus, potassium and water are considered as the major limiting factors in crop growth, development and finally economic yield (Parry et al., 2005) . The root architecture and proximity of adjacent crops is proportional to the level of competition hence, the level of yield depression suffered by a crop stand (Egbe, 2010) . Intercropping affects vegetative growth of component crops and therefore the spatial and temporal arrangements is vital to yield of intercropped plants (Thayamini and Brintha, 2010) . According to Saka et al. (2007) , maize grows rapidly in the early stages and dominates kenaf and therefore results in yield reduction in kenaf in plots where maize was dominating. This might be due to interspecies competition for resources and thus resulted in aggressive usage of available nutrients by maize in sole and in intercrop (Saka et al., 2007) .
Intercropping significantly (P≤ 0.05) affected the mechanical quality of the fibres obtained from the kenaf plant. Kenaf under sole cropping, combination of 1 row of maize alternated with 2 kenaf (1:2) and 2 rows of maize alternated with 2 rows of kenaf (2:2) gave significantly (P≤ 0.05) higher tensile strength (which is an indicator of higher mechanical strength or better fibre quality) compared to 2:1 and 1:1. This could be attributed to less competition interspecies stands which then resulted to bigger and stronger fibres. The sole cropping of kenaf had no competition with maize and therefore produced bigger and stronger fibre. Higher competition in maize/kenaf component ratios of 2 rows of maize alternated with 1 row of kenaf (2:1) and 1 row of maize alternated with 1 row of kenaf (1:1) could be responsible for strength reduction compared to 2:2 and sole.
Conclusion
It could be concluded that seasons and row arrangements influenced the growth and yield of maize and kenaf, and the mechanical properties of kenaf fibre in maize/kenaf intercrop. Early season planting increased yield while crop combination at 1:2 and 2:2 maize:kenaf rows arrangement significantly (P≤ 0.05) favoured yield and mechanical stress of the fibres obtained.
To encourage small holder farmers to cultivate kenaf (a non-food crop) in order to improve fibre industry, cultivation of kenaf with maize which serves as staple food crop will require a crop combination of maize:kenaf in the ratio of 1:2 or 2:2 for optimum production.
